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(54) Low power radio 

(57) A low power audio device is provided. The de- 
vice comprises a signal processing circuit, such as a ra- 
dio receiver (Rx) and a dass D amplifier driving an out- 
put element (6). The voltage supplies to the signal 
processing circuit and the annplifier are set to respective 
levels. The voltage swings in the signal processing cir- 



cuit are much smaller than in the amplifier and conse- 
quently the voltage supply to the signal processing cir- 
cuit can be less than that of the amplifier. This gives rise 
to a reduction in power consumption. The amplifier may 
be arranged to provide the voltage supply to the signal 
processing circuit. 
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Description 

[0001] The present invention relates to a low power 
audio device, such as a low power radio. Such a low 
power device can dramatically reducebattery consump- s 
Won, can reduce the role of a battery to that of a second- 
ary storage device, or make the battens redundant in 
favour of a solar or mechanical energy source. 
[0002] Radb rennains a powerful communications 
medium in many parts of the world. Conventional radios io 
are relatively power hungry devices. This Is not a prob- 
lem in affluent societies, but in more lemote societies 
the cost of batteries may make them prohibitively ex- 
pensive to the local population, thereby causing radios 
to be under-utilised. Thus, the poterdiai to broadcast is 
messages concerning public health and safety is dimin- 
ished since many of the intended au(fience may not be 
listening. 

[0003] According to the present invention, there is 
provided an electrical device having an audio output, the 20 
device comprising a signal processing circuit, a class D 
amplifier, and an audio output element, the amplifier and 
the signal processing circuit operating at respective sup- 
ply voltages, and in which the supply for the amplifier it 
generated by a DC to DC step up corwwter. 25 
[0004] It is thus possible to tailor the supply voltages 
of the individual parts of the electrical device so that they 
operate on the minimum supply voltage consistent with 
their function. 

[0005] Preferably, the class D amplifier is arranged to 30 
produce the supply for the signal processing circuit. 
[0006] The class D amplifier may be configured to 
have a single ended output stage. Such an arrangement 
allows the voltage swing across the output element to 
be substantially equal to the supply votege of the dass 35 
D amplifier. 

[0007] Preferably, the dass D ampl3ie^ is configured 
to have a "H" bridge output stage. This gives an en- 
hanced peak-to-peak voltage swing across the audio 
output element The peak-to-peak vcttagp is substan- ^ 
tially equal to twice the supply voltage of the dass D 
amplifier. 

[0008] Preferably, the audio output is a loudspeaker. 
The loudspeaker may be a moving cocl toudspeaker. 
However, for improved effidency, espedalty at higher '*5 
volumes, a piezoelectric transducer may be used. 
[0009] Preferably, the dass D amplifier is placed in a 
shielded enclosure with the leads into arxt out of the en- 
closure being filtered to reduce electramagnetic inter- 
ference. 50 
[0010] Advantageously, a clock generator and com- 
parator for produdng a pulse width modulated drive to 
the class D amplifier is also contained within the enclo- 
sure. Advantageously, the switching dock frequency is 
in the range of 25kHz to 1 20kHz. ss 
[0011] Preferably, the switching frequency is 90kHz 
when the output element is a piezoelectric transducer. 
Such a frequency represents a compromise between re- 



ducing ripple current to the transducer (ripple current re- 
ducing with higher switching frequency) and keeping 
switching losses low (switching losses increasing with 
increasing frequency). A lower switching frequency can 
be used to drive a moving coil loudspeaker. 
[0012] Preferably, the clock generator for use in the 
pulse-width modulation scheme is used to drive a flip- 
flop configured to produce a square wave output at half 
the clock frequency. The average voltage of the square 
wave is half the flip-flop supply voltage. Thus, the output 
signal of the flip-flop can be low pass filtered to drive a 
direct cun^ent supply of substantially 1 .5 volts when the 
flip-flop Is driven from a 3 volt supply. This reduced sup- 
ply voltage can be used to power the signal processing 
circuit. Altematively, a comparator may be used to com- 
pare the voltage supplied to the processing drcuit with 
a reference voltage. This circuit can be arranged to 
cause a charge on a storage capacitor to be topped up 
via a semiconductor element used in a switching mode 
when the voltage falls below a preset threshold. 
[0013] Preferably, the signal processing drcuit is a ra- 
dio receiver 

[0014] Advantageously, the receiver will be a super- 
heterodyne design. 

[001 5] Preferably, at least the resonant drcurts in the 
intermediate frequency amplifier section of the super- 
heterodyne receive will be formed from Inductor capac- 
itor combinations. The use of LC resonant circuits was 
commonplace In the early days of radio, but recently has 
given way to the use of resistive loads especially in the 
case of integrated drcuits, with ceramic filters being 
used between stages to give the an^angement the re- 
quired selectivity. Resistive loads are relatively ineffi- 
cient and broadband. Ceramk; filters give a narrow-band 
response but are attenuating devices. The use of an LC 
resonant drcuit provides a tuned load with a high im- 
pedance at resonance and consequently allows the re- 
quired amount of gain to be achieved with fewer ampli- 
fication stages, and with stages operating on a lower 
quiescent current than is normally chosen. Thus, the 
power supply requirements of the radio receiver can be 
reduced thereby enabling further gains in battery life to 
be achieved. 

[0016] Preferably, the signal processing drcuit is im- 
plemented, at least in part, within an integrated circuit 
and the transistor drcuits within the circuit are optimised 
to achieve high gain-bandwidth product at low quies- 
cent current. The integrated circuit may incorporate con- 
nection to external tuned loads, thereby allowing both 
the advantages of IC fabrication and eff blent loads to 
be enjoyed. 

[0017] Advantageously, the radio will provide at least 
one of AM reception in the 500kHz to 1 600kHz range, 
FM reception in the 88MHz to 1 08MHz range and short- 
wave reception on any one or more of the shortwave 
bands. The FM receiver circuit may utilise a convention- 
al 1 0.7MHz intermediate frequency and quadrature de- 
tector for signal discrimination. The AM receiver section 
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may use the conventional 465kHz intermediate frequen- 
cy. 

[0018] The present invention will further be described, 
by way of example, with reference to the accompanying 
drawings, in which: s 

Figure 1 schematically illustrates a radio constitut- 
ing an embodiment of the present invention; 



Figure 9 is a circuit diagram of an FM receiver hav- 
ing low power requirements; and 

Figure 10 is a graph illustrating fy versus Ic for a 35 
typical small signal bipolar transistor. 

[0019] Known portable radio receivers for broadcast 
reception typically operate from four 1 .5 volt dry cells 
(giving a total voltage of 6 volts) and draw a current in ^ 
the order of 20 to 35mA depending on the design of the 
circuit and setting of the volume controls. This corre- 
sponds to a power demand from the batteries of be- 
tween 120 and 210mW. Assuming an average power 
consumption of 150mW, four good quality C-type alka- ^ 
line cells will power the radio for approximately 200 
hours (i.e. 1 0 hours per day for 20 days) before they are 
exhausted. 

[0020] The radio described herein requires only 3 to 
5mW of power, depending on the volume setting. As- so 
suming an average power consumption of 4mW, battery 
consumption would be approximately 1/37lh of that of 
an ordinary radio. Consequently, four C-type batteries 
would power the radio for approximately 7400 hours (i. 
e. 1 0 hours per day for 2 years). Such a low power re- ss 
quirement enables the option of providing nr^ins power 
as an alternative supply for the radio to be disregarded. 
Thus, reducing the component count and cost of the ra- 



dio. Furthermore, the power may be provided by a solar 
cell an^y or by a wind-up generator 
[0021] The circuits of the radio receiver can be divided 
into two major functions. These are: 

Radio signal reception, wheret>y a circuit captures 
the radio signal, demodulates it and produces a 
weak audio signal. This is commonly referred to as 
the receiver circuit. 

Audio amplification, whereby the weak audio signal 
is amplified until it has sufficient power to drive a 
loudspeaker. 

[0022] In order to provide greatly extended battery 
life, the power consumption in both of the circuits needs 
to be reduced. 

[0023] Figure 1 shows a schematic illustration of a 
portable radio receiver constituting an embodiment of 
the invention. A 3-volt battery pack 2 provides power to 
a class D amplifier 4. The amplifier 4 drives a loudspeak- 
er 6. The amplifier 4 also produces a 1 .5 volt supply for 
the receiver 8. Hitherto, the amplifiers and receivers of 
portable radios have been operated at the same supply 
voltage. However, the voltage swings occuning within 
the transistors of a radio receiver are typically very small 
and consequently operating the receiver at the same 
supply voltage as the audio output amplifier is very 
wasteful of battery energy. The applicant has realised 
that signifteant power saving can be achieved by re- 
ducing the supply voltage to the receiver, thereby reduc- 
ing unnecessary dissipation within the receiver. 
[0024] The class D amplifier schematically illustrated 
in Rgure 2 is efficient because the semiconductor de- 
vrces Q1 and Q2 are switched between fully on and fully 
off, thereby reducing dissipation within thesemk^onduc- 
tors. Furthennore, the amplifier is suitable for driving a 
capacitive load efficiently. Piezoelectric loudspeakers 
present a substantially capadttve load. These loud- 
speakers are available with diameters of at least 4" and 
have a lower cut-off frequency of 300Hz. Whilst the base 
content of sound from thfe type of louctepeaker is not 
strong, the overall sound quality is quite acceptable. Ad- 
ditionally, a short cone can be used to load the speaker 
so as to emphasise the base tones. The inrtpedance of 
a piezoelectric loudspeaker is approximately 1 mk:rofar- 
ad and the device is efficient in converting electrical en- 
ergy into sound energy. However, to achieve the re- 
quired displacement of the transducer element, large 
amounts of charge (and therefore energy) must flow in 
and out of the loudspeaker each cyde of the audio sig- 
nal. In order to realise high overall efficiency, the ampli- 
fier used to drive the loudspeaker must be capable of 
recovering the energy stored in the capacitive load that 
the speaker presents. A dass D amplifier is able to re- 
cover this energy. 

p)025] It should be noted that the amplifier can also 
drive a penmanent magnet loudspeaker having a mov- 
ing coil. These loudspeakers are typically only one to 



Figure 2 schematbally illustrates a class D output io 
stage; 

Figure 3 schematically illustrates a realisation of the 
class D amplifier shown in Figure 2; 

15 

Figure 4 schematically illustrates a "H" bridge any- 
pirfier arrangement; 

Figure 5 shows an arrangement of Rgure 4 together 
with interference redudng means; 20 

Figure 6 illustrates a device for deriving a 1 .5 voft 
supply from a 3 volt input; 

Figure 7 is a circuit diagram of a first embodiment 25 
of a class D amplifier induding a sawtooth genera- 
tor and a comparator; 

Figure 8 illustrates a dass D amplifier like that df 
Figure 7, but having an "H" bridge output; 30 
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two percent efficient. This is partty due to the difficufty 
of coupling the loudspeaker cone to the air w^out use 
of an unacceptabty large horn. However, it is also due 
to the fact that moving coil loudspeakers appear as a 
resistance of approximately 8 ohnrts over most of their 5 
frequency range. At certain frequencies, thenrpedance 
may include a reactive element, but most of the losses 
are associated with the current flowing through the re- 
sistance of the coil. These losses are proportional to the 
square of the cunnent in the coil. Thus, as more cun-ent io 
movement is required, losses increase sharply: 
[0026] However, a pemnanent magnet loudspeaker 
can be used in radios constituting an embodinent of the 
present invention with little increase in power require- 
ment when the radio is to be operated at low volume, is 
However, at greater levels of loudness, the power de- 
mand rises steeply although a loud sound can still be 
achieved with a permanent magnet speaker with only 
ten percent of the power consumption that would be re- 
quired by a conventional radio. 20 
[0027] As shown in Figure 2, the switching elements 
Q1 and Q2, which can be implemented by field-effect 
transistors, are an^anged in series and driven in anti- 
phase. Thus, the loudspeaker 6 is either connected to 
the supply rail 10 or to the 0 vott rail 12. An inductor 14 25 
is provided in series with the loudspeaker 6 m order to 
smooth out switching transients which occur dlie to the 
essentially digital nature of the amplifier. A capacitor 1 6 
is provided to block DC current flow. Diodes Dt and D2 
are connected in parallel with the sembonductor switch- so 
esQI and Q2 and act as flyback diodes, theret]y shield- 
ing the semiconductor switches from inductive; current 
flow during devbe switching. 

[0028] The class D amplifier is driven by a pul^width 
modulated signal obtained by comparing an audio sig- 35 
nal with a refereru^e wavefomn which is a sawtooth or 
triangular wave. Figure 3 schematk^ally illustrates an 
embodiment of the amplifier. A waveform generator 20 
(generating a sawtooth or triangular wave) isconnected 
to the non-inverting input of a comparator 22: An audio 40 
signal is supplied to the inverting input of the compara- 
tor. The output of the comparator is therefore a pulse- 
width modulated signal representing the nnagpftude of 
the audio signal. First and second field-effect transistors 
24 and 26 are connected in series between the power 
supply rail 1 0 and the ground rail 12. The first field-effect 
transistor 24 is an N channel device, whereas the sec- 
ond field-effect transistor 26 is a P channel device. The 
gates of the field-effect transistors 24 and 26 are con- 
nected to the output of the comparator 22. An output is so 
picked off from the junction between the field-effect tran- 
sistors and is supplied via an inductor LI to a piezoe- 
lectric speaker 28 represented as a capacitor CI . A fer- 
rite bead 30 is included in the connection between the 
first field-effect transistor 24 and the power supply rail ss 
10 in order to limit current shoot-through. Smmlarty, di- 
odes D1 and D2 are provided to inhibit cum^ shoot- 
through. The diodes D1 and D2 may be externally pro- 



vided Schottky diodes for eff teiency, or they may be the 
body drain diodes internal to the MOSFET transistors. 
[0029] The switching frequency (I.e. sawtooth or tri- 
angular wave frequency) of the class D amplifier should 
be at least twice that of the highest frequency compo- 
nent in the audio signal. 25kHz is usual sufficient. How- 
ever, lower inductor ripple cunrent can be achieved for 
a given value of inductance by operating in a higher 
switching frequency. As noted before, the use of a high- 
er switching frequency incurs more switching loss and 
power loss in charging and discharging the gates of the 
MOSFET in the output stage. However, experiments 
have indicated that switching frequency of about 90 kHz 
is satisfactory for driving a piezoelectric loudspeaker. 
[0030] An important feature of the class D amplifier is 
that power can flow in both directions. When driving a 
purely reactive load, there will be power flow in both di- 
rections during the complete audio cycle. The current in 
the DC supply with therefore vary between positive and 
negative during each cycle. If there were no losses an- 
ywhere in the circuit, the average value of this DC cur- 
rent over one audio cycle would be zero. When driving 
the piezoelectric loudspeaker, there will be losses in the 
loudspeaker and there will be losses in the transistors, 
the diodes and in the resistance of other components, 
but the overall efficiency of this combination of loud- 
speaker and amplifier is high compared with that of a 
conventional class AB amplifier and permanent nnagnet 
loudspeaker arrangement. 

[0031] Since the output voltage is developed across 
CI in Figure 3 (C1 representing a piezoelectric loud- 
speaker) or across CI in Figure 2 (where the loudspeak- 
er 6 is a moving coil-type), the value of the series induct- 
ance must be chosen carefully. If it is too k>w, the ripple 
cun-ent at the switching frequency will be high and the 
associated losses in the MOSFETs of the amplifier will 
be significant. If the inductance is too high, it will present 
significant impedance to high frequency audio currents. 
[0032] In the pulse-width modulation waveform gen- 
erator circuit, and in the amplifier output stages, there 
is a certain amount of current drawn from the supply 
which is independent of the power being delivered to the 
loudspeaker. This current is effectively the quiescent 
current of the amplifier The quiescent power drain of 
the amplifier is therefore the quiescent current multiplied 
by the supply voltage. It is desirable to keep the supply 
voltage as low as possible in order to minimise power 
loss. However, the loudspeakers (whether moving coil 
or piezoelectric) require a certain voltage swing from the 
amplifier in order to obtain their dynamic performance. 
It has been found that using a 6 volt supply to the am- 
plifier is beneficial in obtaining a good dynamic re- 
sponse. However, this can lead to unacceptably large 
quiescent losses. A solution to this problem is to couple 
two output stages together in a "H" bridge configuration. 
Such an an^ngement is shown in Figure 4. Comparing 
this with Figure 3, it is seen that one plate of CI was 
grounded in Figure 3 and the other plate could be 
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switched between 0 and the supply (+3 volts) rail In Fig- 
ure 4, either plate of the capacitor can be connected to 
the ground, and either plate can be connected to the 
supply rail. Thus, the effective peak-to-peak voltage that 
can be applied to the capacitor C1 (which could repre- 5 
sent the piezoelectric loudspeaker) is doubled. Thus, 
Q1 and 04 are controlled to open and dose together, 
and Q2 and 03 are controlled to open and dose togeth- 
er. Otherwise the operation of the amplifier is sMarto 
that described in respect of Figure 3. io 
[0033] As noted hereinbefore, the dass D amplifier 
ennploys high speed switching to generate a pulse-width 
nncdulated output wavefomri. The sharp waveform edg- 
es associated with the switching could generate elec- 
tromagnetic radiation whbh could interfere with the per- 
fomiance of the radio receiver drcuit. In order to over- 
come these problenDS, it is advantageous to endose the 
amplifier in a shielded endosure with feed through ca- 
padtors for the power and audio connections. It is also 
desirable that the switching components in the output 20 
wavefomn should also befiltered out inside the saeened 
box. This can be achieved, as shown in Figure 5, by 
splitting the inductor into two, one for each arm of the 
circuit, and adding a small capacitor 34 and 36 to each 
of the output terminals. The amplifier can then be used 25 
to drive either a piezoelectric or permanent magnet 
loudspeaker without interfering with the operation of the 
radio receiver circuits. 

[0034] It will be noted that in the anrangennentsttown 
in Figure 5, there is no series capadtor to block the DC 30 
component. If the amplifier were ideal, the DC compo- 
nent value of each half of the "H" bridge wouki be eaoctly 
equal and there would be no DC component befeveen 
the two output terminals. However, due to drift in the 
pulse-width modulator generator artd other draA \m- 33 
perfections, there could effectively be a DC level Kitro- 
duced In the pulse-width modulated output waveform. 
This is not a serious problem for piezoelectric loud- 
speakers since they are effectively capacitive loads^ but 
could lead to DC currents and serious power loss when 40 
used to drive pemianent magnet moving coil loudspeak- 
ers if, for the sake of econonny, this DC blocking capac- 
itor was omitted. It may, indeed, be benefknal to eaoriude 
the blocking capadtor since there is no polar^ing volt- 
age available to make possible the use of a conveitBonal 
electrolytic capacitor. To ensure that each bridge oper- 
ates at a fifty percent duty cycle where there is no oidio 
input signal, and therefore that the average DC voftage 
is zero, the average output voltage of one leg of the 
bridge can be fed back to the modulator drcuit to adjust so 
the bias level in the amplifier. This will be describedmore 
fully with reference to Figure 7. A more sophisticated 
bias scheme is to use a differential amplifier to s&ise 
the average voltage difference across the output temi- 
nals of the amplifier and feed this signal back to the 55 
pulse-width modulator waveform generator 
[0035] As has been stated hereinbefore, It is Impor- 
tant for efficiency that each part of the circuit is operated 



at the lowest realistic possible voltage. It will be shown 
later than a 1 .5 volt supply is quitesuffbientforthe radio 
receiver drcuit. Whilst this supply might be obtained 
from a separate battery, or from a tap on the battery 
chain, the different batteries would run out at different 
times causing confusion to the user. It is therefore better 
to generate an auxiliary 1 .5 volt supply within the radio. 
This can be done by using the clock signal from the 
pulse-width modulator generator of the audio amplifier 
to clock a flip-flop, as shown in Figure 6, A JK flip-flop 
40 is wired such that with each clock signal its Q and Q' 
outputs alternately change between logical 1 and logical 
0. A similar arrangement can be implemented in other 
flip-flop architectures. Thus, the Q output of the flip-flop 
40 will be a square wave at half the pulse-width modu- 
lator clock frequency. The O output is fed to a storage 
capacitor 42 via an inductor 44. The inductor capacitor 
combination averages the output of the flip-flop to obtain 
a 1 .5 volt supply. A zener diode 46 provides protection 
for the flip-flop against inductively induced currents dur- 
ing the switching of the 0 output. 
[0036] A complete audio amplifier is illustrated in Fig- 
ure 7. A sawtooth generator 50 comprises a constant 
current source (based around transistor 52) which 
charges a capadtor 54. Thus, the voltage across the ca- 
pacitor 54 rises linearly. A comparator 56 monitors the 
voltage across the capadtor 54 and, when the voltage 
exceed a predetermined level, operates transistor 58 to 
discharge the capacitor 54. Thus, a repetitive sawtooth 
waveform is generated. This sawtooth is applied to the 
non-inverting input of a comparator 60 via a capacitor 
62. The non-inverting input is also connected to a DC 
voltage source fonned by potentiometer 64 and resis- 
tors 66 and 68. The remainder of the drcuit is effectively 
as descnlsed with reference to Figure 3, with the MOS- 
FET transistors being implemented within a MOSFET 
driver package 70. Alternatively, a logk: inverter integrat- 
ed circuit can be used in place of the MOSFET driver. 
The output of one of the MOSFET drivers (pin 5 as 
shown in Rgure 7) is fed back to the pulse-width nrtod- 
ulator generator to ensure that the pulse^wktth modula- 
tion waveform has a quiescent duty cyde of fifty percent 
(as set by the potentiometer 64). The outputs of the 
MOSFETs within the MOSFET driver 70 are supplied to 
the output tenninals of the amplifier OP1 and OP2 via 
indudors L1 and L2 and capacitors CI and C2. Diodes 
01 to D4 may be provided as discrete components or, 
since the output transistors in some logic packages in- 
clude integral anti-parallel diodes, these diodes may be 
used to perform the functions of D1 to D4. 
[0037] If the amplifiers are required to drive a perma- 
nent magnet loudspeaker at high power levels, the loss- 
es in the resistance of the MOSFET driver output tran- 
sistors nr^ay be too high for good effidency and load dis- 
tortion. It is then necessary to add discrete MOSFET 
output devices 72,74,76 and 78, as shown in Rgure 8. 
These discrete MOSFETs have a lower ON resistance 
(Rds(on)) and the power loss in these devbes at high 
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output powers will be acceptable. The power loss asso- 
ciated with driving the gate capadtavtces of these devic- 
es is outweighed by the power sanring resulting fronn 
having a lower Rds(on) final stagei 
[0038] As noted hereinbefore, it is common practice 
that the radio receiver circuits in a portable radio be sup- 
plied with the same voltage as that used in the audio 
amplifier circuit. However, the volt^ie swings associat- 
ed with the wavefonms encountered in the radio drcurt 
are tiny conrpared with the voltage swings found in the 
audio amplifier output stage. Therefore, unlike the audio 
amplifier stage, the supply voltage required for the radio 
circuit Is not dictated by the amplitude of the signals be- 
ing processed. In the radio receiver stage, the supply 
voltage need only be sufficient to ensure that the tran- 
sistors in the circuit provide an adequate level of gain. 
For bipolar transistors, this requires a supply voltage of 
at least one volt. A supply voltage of 1 .5 volts provides 
an adequate margin above this mmnum level. 
[0039] The gain-bandwidth product of a transistor is 
a function of the bias current. The lowest practical bias 
current for each transistor stage should be used con- 
sistent wrth obtaining the required gain from that ampli- 
fication stage. The transistors should be chosen for their 
ability to attain a high gain bandwidtti product at low bias 
currents. 

[0040] It is common In radio en^eering for the bias 
currents to be selected so as to maximise the device 
current gain B and f j. As shown in Rgure 1 0, tj increas- 
es with increasing bias current unt3 1 reaches a tuming 
point which, for RF and small signal bipolar transistors, 
is typically around 1 to 3mA. Redudrrg the bias current 
reduces However, the applicarHs have realised that 
reducing the bias current from the current giving nnaxi- 
mum fj only gives rise to a relativeljf minor reduction in 
fj. Thus, when emphasis is placed on saving power, the 
reduction in bias current is dearty beneficial as a signif- 
icant reduction is bias current gives rise to only a modest 
reduction in fj. A traditional radio receiver design might 
indude an RF amplifier stage operatmg at 6V with 1 hdA 
bias current, leading to a steady state dissipation of 
6m W. The same transistor might weO be capable of op- 
erating acceptably with a supply voltage of 1 .5V and 
0.4mA of bias current, thereby having a steady state 
power dissipation of 0.6mW, i.e. only 1 0% of that of the 
conventional design. 

[0041] It has become the common practice 1:0 use 
integrated circuit amplifiers in radio receivers. This ap- 
plies particularty to the IF (intemnetfiate frequency) stag- 
es, and often to RF (radio frequency) stages as well. 
Since it is not convenient to incorporate inductors in in- 
tegrated circuits, the use of tuned loads in the amplifier 
stages has largely been abandoned in favour of less ef- 
fident resistor loads, the loss of gain being accommo- 
dated by more gain stages. 

[0042] However, power reductions can be achieved 
by retuming to the use of tuned loads. A further advan- 
tage of tuned loads is that, unlike ceramic filters, they 



do not introduce attenuation within the pass-band. Fur- 
thermore, the required selectivity can also be achieved 
by appropriate tuning of the tuned loads. A significant 
advantage of a tuned collector load is that it has a low 

5 resistance to the bias cun^ent whilst retaining a high im- 
pedance with respect to the selected RF or IF signal, 
thereby enabling larger gains to be achieved. In use, the 
radio receiver can be implemented within an integrated 
circuit having extemal connections for interiacing with 

10 the various tuned loads. Integrated circuits have the ad- 
vantage that the dimensionally small transistors can be 
produced. Since the gain-bandwidth product and f j (the 
frequency at which the cument gain falls to unity) depend 
to some extent on the cun^ent density, a small transistor 

IS has the ability to attain a good gain bandwidth product 
and fy when operated at lowest bias currents. The ce- 
ramic filters may also be used if the improvement in dis- 
crimination is sufficient to outweigh the disadvantage of 
the signal attenuation whbh these filters introduce. 

20 [0043] Since gain-bandwidth product and fy are usu- 
ally obtained at the expense of high bias current, it is 
prudent, when lower power consumption is required, to 
reduce the frequency of the signal as soon as possible. 
This means converting to intermediate frequency as 

25 soon as possible and then, again, to audiofrequency as 
soon as possible. Cleariy. AM receivers, with lower RF 
and IF frequencies will have an advantage in terms of 
power consumption required to obtain a given level of 
signal gain. 

30 [0044] Figure 9 is a drcurt diagram of a radio receiver 
for use in receiving FM signals on VHF band 2 (88 to 
1 08 MHz). An AM receiver employs the same bask: prin- 
cipals for reducing power consunnption, although would 
have a different aerial configuration (i.e. ferrite rod aer- 

35 iai) and a different intermediate frequency of 465kHz in- 
stead of 1 0.7MHz. The IF stages would not be gain lim- 
ited and the detector woukJ be an amplitude detector 
rather than a ratio or quadrature detector as used in the 
FM receiver. 

40 [0045] The RF signal is captured by antenna 80 and 
applied to a tuned drcuit fomrted by capacitor 82 and 
inductor 84. The signal 6 then amplified by transistor 86 
operating in a common base configuration and using in- 
ductor 88 and capacitors 90 to 92 as its load. The res- 

45 onant circuit fomned by inductor 88 and capacitors 90 to 
92 is tunable and is ganged with a tuned drcuit 94 whk;h 
controls the f req uency of a local osdilator indicated gen- 
erally as 96. Capacitor 100 passes the signal from a 
transistor 86 to the local oscillator 96 which also acts as 

50 a mixer stage. The combined local osdilator and mixer 
is built around transistor 102 operating in the common 
base configuration. The output of the combined mixer 
and local osdilator is obtained from a secondary winding 
on a tuned circuit formed by condudor 1 04 and capac- 

S5 itor 1 06. The local oscillator is arranged to be offset from 
the frequency of the tuned circuit fomrted by L2 and ca- 
pacitors 90 to 92 by a predetemnined frequency equal 
to the intermediate frequency. The output of the local 
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oscillator/mixer 102 is then amplified in an intermediate 
frequency amplifier strip 110 comprising three gain stag- 
es 112,114 and 116. Each stage has a transistor oper- 
ating in a common-emitter mode and employs a tuned 
collector load. Only a very simple biasing arrangement s 
has been shown in Rgure 9, although the person skilled 
in the art would understand that other biasing arrange- 
ments giving better themnal stability and protection 
against drift could also be used. The output of the IF 
amplifier strip 1 1 0 is supplied to a detector 1 20 of known io 
design. In this case, the detector is a ratk> detector. To 
reduce the signal amplitude which the final IF amplifier 
is required to produce, a quadrature detector could be 
advantageously employed. The output of the detector is 
amplified by a conventional class A amplifier stage 1 22 '5 
before being supplied to the dass D amplifier. 
[0046] Further savings in power consumption may be 
achieved by implementing a squelch function within the 
radio such that the output power amplifier stage can be 
closed down during periods of silence. Additionally, it is 20 
also possible to operate the receiver on a periodic basis, 
for example, 45000 times per second to obtain full audio 
quality or less frequently ff a restricted bandwidth is ac- 
ceptable. This is because it is quite feasible to power up 
the amplifiers and local oscillator, lock on to the radio 25 
signal, detect the instantaneous value of signal, pass it 
to the amplifier stage and de-power the receiver in a 
short period compared to the cycle time of the highest 
frequency component in the audio output. 
[0047] The complete radio incorporating a piezoelec- 3o 
tnc speaker requires approximately 3mW of power 
when providing speech and a comfortable listening lev- 
el. This can be provided by a relatively low cost solar 
panel when Illuminated by weak sunlight. The solar pan- 
el voltage varies considerably as lighting levels change. 35 
The simplest manner of dealing with this voltage varia- 
tion is to use a zener dkxte or active transistor based 
clamping circuit to limit the voltage swings. A second 
solar panel could be used to obtain the 1 .5 volt auxiliary 
supply for the radio receiver Alternatively, the output of 
the solar panel could be applied to a switch mode con- 
verter which would enable the solar panel to always op- 
erate at its maximum power point. Furthermore, since a 
conventional switch mode converter employs pulse 
width modulation, as does the class D audio amplifier, ^ 
there is commonality between the circuits of these de- 
vices, and consequently components can be shared. Al- 
ternatively, the output of the solar panel could be fed 
directly to a secondary battery to clamp the voltage by 
the solar cell and to store energy for use when sunlight so 
is not available. 

[0048] It is apparent that the radio can be powered by 
a plurality of sources, such as solar cells, primary cells, 
secondary cells or mechank^al sources driving a gener- 
ator. An energy management circu'rt can be provided ss 
within the radio to select the sources in order of prefer- 
ence, or on the basis of highest voltage level. Thus, a 
domestic radio may be equipped with a solar panel. 



which is the preferred source of power, but when there 
is insufficient power available from the solar panel, it 
would draw all or some of the required power from a 
secondary storage battery, previously charged by the 
solar panel, or as a last resort it would draw power from 
a set of dry cells (replaceable primary battery). 
[0049] Test results in respect of the circuits shown in 
the accompanying figures demonstrate that the class D 
amplifier when operating with a piezoelectric speaker 
has a quiescent current of 0.4mA when woricing with a 
3 volt supply. The current drawn by the radio receiver is 
1 .1 mA. The quiescent cunrent drawn from the 3 volt sup- 
ply when the radio receiver was powered at 1 .5 volts 
using the auxiliary supply converter, was 1 .0mA. Using 
a pemianent magnet loudspeaker and discrete MOS- 
FETs in the output stage of the amplifier, the quiescent 
current was 1 .7mA at 3 volts. Thus, the radio has a much 
lower current consumption than conventional radios. 
[0050] The receiver circuit could also include auto- 
mate gain control and automatic frequency control. 
These functions would add to the overall power con- 
sumption of the radio, but not significantly. The audio 
amplifier may be modified to include negative feedback 
in order to increase its linearity. In a further modifk:ation, 
the radio may be powered from a 1 .5V battery with a 
DC-to-DC converter to generate a 3V supply (or more) 
for use in the audio amplifier. 

[0051 ] It is thus possible to provide a low power radio 
receiver. 



Claims 

1 . An electrical device having an audio output (6), the 
devk:e comprising a signal processing circuit (8), a 
dass D amplifier (4), and an audio output element 
(6), the amplifier (4) and the signal processing dr- 
cuit (8) operating at respective supply voltages, 
characterised in that the supply for the amplifier 
s generated by a DC to DC step up converter. 

2. A device as claimed in daim 1 , in whk:h the dass 
D amplifier (4) is arranged to produce the power 
supply for the signal processing circuit (8). 

3. A device as claimed in daim 1 or 2, in whfch the 
dass D amplifier (4) is configured to have a single 
ended output stage. 

4. A device as claimed in daim 1 or 2, in which the 
dass D amplifier (4) is configured to have a "H" 
bridge output stage. 

5. A devk:e as claimed in siny one of the preceding 
daims, in which the audio output element (6) is a 
loudspeaker. 

6. A devbe as claimed in claim 5, in which the loud- 
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speaker (6) is a moving coil loudspeaker. 

7. A devk^ as claimed in claim 5, in whk:h the loud- 
speaker (6) is a piezo-eiectric transducer. 

5 

8. A device as claimed in any one of the preceding 
claims, In whtoh the class D amplifier (4) is housed 
in a shielded enclosure with the leads into and out 
of the enclosure being filtered to reduce electro- 
magnetic interference. io 

9. A devk:e as daimed in daim 8, in which a dock gen- 
erator (20) and a comparator (22) for produdng a 
pulse width modulation drive to the dass D amplifier 
are ateo contained within the enclosure. is 

10. A device as daimed in any one of the preceding 
claims, in which a dock frequency for producing a 
pulse width modulation drive for the dass D ampli- 
fier is in the range of 25kH2 to 1 20kHz. 20 

1 1 . A device as daimed in daim 1 0, in which the switch- 
ing frequency is substantially 90kHz when the out- 
put element is a piezoelectric transducer. 

25 

12. A device as claimed in any one of claim 9 to 11 Jn 
which the dock generator (20) for use in the pulse- 
width modulation scheme is used to drive a flip-flop 
(40) configured to produce a square wave output at 
half the dock frequency. 30 



19. A devfce as claimed in claim 18, in which at least 
the resonant circuits (112, 114, 11 6) in the intemne- 
diate frequency amplifier section of the superheter- 
odyne receiver are formed from inductor capacitor 
combinations. 

20. A devk:e as claimed in any one of the preceding 
daims, in whk;h the signal processing circuit is im- 
plemented, at least in part, within an integrated cir- 
cuit and the transistor drcuits within the circuit are 
optimised to achieve high gain-bandwidth products 
at k)w quiescent current. 

21 . A device as daimed in claim 20, when dependent 
on any one of claim 1 7 to 1 9, in which the integrated 
drcuit incorporates connections to external tuned 
loads, thereby allowing both the advantages of IC 
fabrication and efficient loads to be enjoyed. 

22. A devbe as claimed in any one of daims 17 to 19, 
in which the radio provides at least one of AM re- 
ception in the 500kHz to 1 600kHz range, FM recep- 
tion in the 88MHz to 1 08MHz range and shortwave 
reception on any one or more of the shortwave 
bands. 

23. A devk^e as daimed in claim 22, in which the FM 
receiver circuit utilises a 10.7MHz intemnediate fre- 
quency and quadrature detector for signal discrim- 
ination. 



1 3. A device as claimed in daim 12, in which the output 
signal of the flip-flop (40) can be low pass filtered to 
derive a direct cunrent supply sul:>stantially 1 .5 volts 
when the flip-flop is driven from a 3 volt supply. 

14. A devk^e as daimed in daim 13, in which the derived 
direct current supply is used to power the signal 
processing circuit (8). 

15. A device as daimed in any one of the preceding 
daims, in whbh a comparator is used to compare 
the voftage supplied to the processing circuit with a 
reference voltage. 

16. A device as claimed in daim 15, in which the com- 
parator is arranged to cause a charge on a storage 
capadtor to be topped up via a sembonductor ele- 
ment used in a switching mode when the voltage 
falls below a preset threshold. 

17. A device as daimed in any one of ttie preceding 
daims, in which the signal processing drcuit is a 
radio receiver. 

18. A device as dainr>ed in daim 1 7, in which the receiv- 
er is a superheterodyne design. 



24. A device as daimed in daim 22, in whbh the AM 
receiver section uses a substantially 465kHz inter- 
mediate frequency. 

35 

25. A devk:e as claimed in any one of the preceding 
daims, further comprising a solar panel power sup- 
ply. 

40 26. A device as daimed in daim 25, further comprising 
a switched mode power converter for receiving the 
output of the solar pan el and supplying power to the 
devk:e. 

45 27. A device as daimed in daim 25, further comprising 
a secondary battery to store power received from 
the solar cell. 

28. A devk:e as claimed in any one of the preceding 
50 dairr^, further comprising at least one of a primary 

cell, a secondary cell or a mechanical storage de- 
yice driving a generator. 

29. A device as daimed in daim 28, further comprising 
55 energy management means for selecting the power 

sources in accordance with a predetermined strat- 
egy. 
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